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A » &2L#W#- C&an&ffi- ■ Method of Manufacturing Micro Actuated Blazed 
Grating) 

The invention achieved a new design, fabrication, 
and testing of micro actuated blazed grating (MABG), 
and presented its switchable diffraction properties. 
The principle of the blazed grating employs the 
optical diffraction to concentrate light intensity 
onto a principal order and its 

specific free-space diffracted angle. With the major 
light intensity at a specific locus and wavelength 
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^ ' ^X-^-fft-g- ■ Method of Manufacturing Micro Actuated Blazed 

Grating) 

dispersion, the integration of the device with 

optical components can be widely used for 

applications such as display, optical add/drop 

multiplexing and variable optical attenuators. 

The micro actuated blazed grating is composed of six 

lengthy bands, structures that each of them was 

torsion designed at both fixed ends and 

twisted together as voltages applied across the 
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A » &X&Wffigr C&W&ffi. : Method of Manufacturing Micro Actuated Blazed 
Grating) 

bands and the substrate. The blazed grating was 

formed in an actuated state while the switch-off 

flat state acts for a normal reflection. The 

electrostatically switchable 

balzed grating can be group controlled by 

mechanically connecting six bands, thus s i mp 1 i f y i ng 

individual actuation for all structures. In 

m i crof abr i cat i on, the surface m i cromach i n i ng of 




% 4 



£ - (®W&m • Method of Manufacturing Micro Actuated Blazed 

Grating) 

using low-stress nitride as a structural material 
and the gold film f orref 1 ect i on was used to 
successfully manufacture the micro actuated blazed 
grating. Meanwhile, 

the surface roughness and structure flatness were 
inspected for the device optical properties. The 
switching time achieved an order of m i 1 i -seconds. 
After the optical measurement was experimentally 
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<£atSg^ #W# ( ® m * m 1 Method of Manufacturing Micro Actuated Blazed 

conducted, the invention verified the first order 
diffraction, and ensured the actuated blazed 
grating state. With the realization of the micro 
actuated blazed grating, the proper design may have 
potential applications on micro display, optical 
add/drop multiplexing, and variable optical 
a 1 1 enua t or s . 
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i - ®Wi$LW (1) 
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* * J* * ft 4t > ^iijgf^l * # a (Release ) 

* ft m • 

( a ) T € « ft ^ 

T € & ^ ft ft . ***##t**«t**«/lt«^^j| 
H A i, >fb ^ . £ t a ^ A m ®l % T € « # # ' it it # 19. 
tf. ^ ^ a B a IB ( 19. it >b *M Q -cm ) #*T*4S«*»««-^ 

* € tit 'l± • 

( b ) * # ft # 

* & -?■ tS: t f fl& ^ ; *&f$£^*;t*pA4fc4*.Jt#£. • A *JL % 
t& %L 1k M- SL *h • i ^ 4: ^ ( g P 4^ ^ % j± % ) ^ £ 7 

*»#ffA«i|l«t^5«Tf > * & ft 4ft & * Jit 

% gig $b ft m U ft fa • 

a B 9 1 x a f t H ^ f II # E i (Plasma Enhanced 
Chemical Vapor Deposition, PECVD ) ^ ^ & ■& IS #1 ^ 

* # ft * • # A a «. W ** ft * Jf£ £ «. > « * |9L ^ « £fe 
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^ >t > & n m %. a & & 

(c) & M i. & U ft 

m jl it u m. # #i « 

IL 4b ^ ^ ^ # £t ^ ^ , g p 

& & * fi£ > # ft M ^ # 60 
#J#**fc**A* 4# 4l £ 

*i ' « ^ # * # jp. • 4k n 

^-i^* ' *P st & & 4# i. 

(d) « 41 # A 

*P 4fr 4P & ft & 4* # A 4£ & 

& % ® m ; & ^ a il * if- 

&#»ft?&l£*f£g->#;fa^r,§ 

&4fc*Ji$«|$t4ft4i,t#jf. 
■t if ffij if -ft • 

$ ffn ' # 60 ft sft. 



*J 60 ^ , ft £s #g ,# £fe £.J £ &t 

& *b 3* 60 3" >ft 4& m ;*7 it, it 
*&teH*fc*;f*_t* • Bp 5t /& 



i£ £ 4t ^ & *a >ft ^ 4l 4& M ft 

& m 60 3l it ^ ' # ^ =_ it & 
a & * ' m m % & m m 60 # #; 

a B a £ it # & fSL &■ % £L & M ' U 

- *J ffl & I * ik 
4* 5. a 4b ^ £ > « £ =fe ifc & # 
« 4l *L 4^ • 

M A 60 ft J* m ' * *Jt - it jft « A 
f^i* 0 # 2*. 60 i& a Bp £. ft 

n $ & m # * # m & » m ^ ^ 

60 it # *p ^ #o a ^ 4 • *# *4 ff 
60 7t # # ^ ^ >&-&AILit*ltt 

A fln ^ ^? ' fit It m i. ft 60 K 
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4i F»1 51 : 

(1) *k M & $t * & *g 

* 4 ft ^ ft * * # S # • ftT**A*'g*P£4fcft(j 

£ it M # B$ . # f «t M ^ » HftAli, . H fij it £ *t * * ■* 

-L # * 41 ; ffi<&**ttftit«r*8ttft.fl a « 4 « & . » if 

*^fe^6t^S&^^tt*J#S^a&^r ' 13 ifc jlji f # F4 ^ JL 

* £. $L $1 _t # 3l * 0fl £t , M*tA*^<B«»-tt*J>|SL49L<ji*I 

«8*&«* t tiAur- * a * *p * a a • a it ^ ^ & 

Stf A* la m 4* « ' St^fefcJlttlft&ftntF , ir xk&&&4k 
*J & #j -If ^ ■ ^>^^^tt^#Rpflottit4H60fe]X|> 3 - 

f-1 51 M'l £. It a #7 A £_ ' tt-^Jff^#^±#^^^f , 

* it M & m i. ft ^ /fc i& • B*b«*s#Vifc$L«6&4fc4ik;t 
it Jl & ° 

* « *J «. » * 5ft > **^**i*4»«t^*«ftl^-# 

* ' fl& A 4b Hfc -fr 4* ' 0 *t » !£. ^ # ff- * ^ 
#80 * & # A 4b ^ ^80 ^ & # A 4b A tfj 4k jty £ ft ^ & >f b 
IR ' *T#£J it* o aiB#^4R4i^^#|^4^ 
A £ A & ' * ift *e *J it * m U ¥ « ; $1 # J* * ^ 
#j *I t > « ft* ft Jft * - * - ft V T > IB 

*k n ^ ta m %) 1 5 & *& & & .* ft m m 4k m w # i 5 ~ 2 0 
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f> • & *i itt M Bf isg |K . & *j & « it <H * « »J % 

St A & ■ JL«ttttXAttftJ*jff4kft|>|;££. , ^ f ^ s ^ 
K * I* ft! It *■ > X'J*&j&J*;i*fett?LJ§X . it fl& ft A « « 
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4 & is. >fc i§ a ' it m ^ «p 
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Hi • 
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>j9t (Multi-User MEMS Processes » MUMPs ) ^ $ g t 
# ^ to t£ tR ^ a B a m ft H S£ t « >& #J fl* RjJ £ l . 5 ~ 2 

*<fe*4LJtlt4tii*A«|^L4L«t^ ' a itb > a 4b Jt I* ftl 
W 5- * & #8 4- * • it *f 4k *J it ^ * ' ^ ^ 3 ~ 5 ^ # ft 
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♦ # £fe 4& rTn j$ 
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Ift * * * I* ; tt A (g) * 1ft |t 4b * 4 * Mb • ft t* ft ft 

* m # m ft j& « 60 ^ ft >i® & «t & # s. si • 

* * -l it # m ' *ttt**L^r^-<But4t4Bt- 

48. 4* -L i£ 4* & • * + *ft#-^Mt>t<(&**L4b^/9f*& 

/£ ° 

SL ft ^(LPCVD) »f m & ° 

* 4$ -t it # « • * + 1**-l6***&* 
2500-3000A • 

* 4£ -L it 4* & ' & t 1ft « 4£ #> a & j& -y- 4* £.j 

( r i e ) m & & • 

>K ft ^(PECVD) m & & ° 

4* 4£ Jl it 4£ m ' * t 1ft H 4b % M- & m & 1 . 5 ~ 2um - 
4fc 4& -t it m « ' * t »(b) ^ * ** ft # A * ^70-90 

«. # ji it 4» & ' * * # k ( c ) % n m bl m m -f & m & 

( R I E ) «*J««.ft^Bifc*jj*#feftj4i^^«|t^ b ^^ Att 

% — m * % • 

4a 4& -L it '4* A • # + tt £ — « * £ 4t * A # ft. 4b ^ 
#r ^ & • 




# 14 I 



i « (8) 

& Jl g # ft . * t t $ - f | # a & -ft * a W 
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ft £ -L i£ 4ft ft . & t # ( g ) 4fc a & A $J * ^ « ft, 
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* £ -L it 4ft ft ' & *& ^«*]$fc^«*]#]}&>fci&jkfc t 
8£(HF) o 

ft £ 4^ £ i3 - 4ft ft » «:ib-«^#M^6<jtl^^ 
* ' n 1r (a) - & , Ji ^ ^ ^ ^ ^ ^ ^ 
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( r 1 e ) m * a • 
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*t ^ C!J # #j H *SL • 

**JiSfctft ' * * * it A # ^70-90 Si - 2-5 * 

* # -t ^ & #, ^ mm^ ikm & ( r i e ) »j a 

* # -t gc # ft ' I til - « ^ ^ * ^ m Il 4b ^ 

m m & - 

* 4* -L it # ft > « * * % «te * 4b # *, 4s 
>ft Ifr *(LPCVD) ^rf i « 

*4*Jii£#ft»&t^j|*(e)*.&^T (el) 
**-«fc#^^*4t«t*l**jlir4)Hmi;«A (e2) & m. 

* 4* -L it # ft ' * + #-#(el)*.fc*Hfc#* 
0. 1-0. 2A/sec - 



4fc # Jl it ft » ^ t^^^li^t^^ii^^i, 
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* * _L it # ft ' # t # JW(e2 ) ^ & «t 4* # A 
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^ ^ — « ^ >f # ^ m, M $L $k m GO # » jl ^ t£ 4t ^gj cjj 4* ft 

( d ) ^ t£ 9 — m m. m -L ^ a ib ^ 

^ m. & fib #) % — ig, ^ >t * m ; a a ( f ) m n % it *>? % -k & » 
t # n 1 1 i ^ * ,n 4 i ^ 1^ ^ ?i *t m * * m ^4 j. o 

«. 4dt Ji it ft « ' *ttt!6Mt4l.*L^rA-^*.*L« 
U 4t -t it ft 43 ' & 4b ^ #f ^ 
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A ° 

* 4£ _t it 44 ft > I tt^-ISt I # a a 4b * a 4=a 
>X 4* ^(LPCVD) m & & • 

4ft 4£ _L it 44 ft ■ 
2500-3000A • 

4a # Ji it 44 ft . * t«f 
(RIE) m St A • 

4ft 4£ _L it 44 ft > * + tt*.*b#J|4fca«&jiisMb*ll 
49 St ft ^(PECVD) #f m j& • 

4ft 4t Ji it 44 ft ' *+tt|Ub#*j££*&*l. 5~2um • 
4ft 4£ Ji it 44 ft ' £t#S$(b)#&^T?'J#S$: ( b 1 ) 

^ t£ ft 4b # ># -L ^ ik tb i£ *t to ej 4t ; a ( b2 ) ^ 

t£ ft 4b # M -L ^ j& n & *t 4S H3 4f - 

4ft # Ji it 44 ft ' * t # ( b 1 ) £ & ^ - : £ ^ - 

*t 4® EJ 4f # H ^ o 

4ft 4& -t it 44 ft • * t * *f 4& # & 4* ft70~90 A * 2-5 * 

of o 

4ft 4£ _L it 44 ft ' * t #--»(b2) £ ^ ^ - W: ft «J t* 
EJ 4t • 

4ft 4£ -L it 44 ft 4& *■] ffl M m ik M & ( R I E ) 4k *J i% ft 
4b # ># ik % - <S *jt >f « 

4ft 4* _L it 44 ft • * t | - t 4 # A 1 t -fb ^ 
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m & & • 

*. * .L it 4i a » * * tt # j=. m * m % a & m *t ^ n * 

>7L ^(LPCVD) m & & - 

a 4£ _L it 4ft ^ » *t!frJS*(d)£&^T#l#«*: ( d 1 ) 
& It - m * M ^ tt ft & #1 * ft & * a _L ; JX A ( d 2 ) |i 

' * + # J»(di ) ^ & m. * # a 

0. 1-0. 2A/sec • 
150-200A • 

*#J:it#« ' * t JW(d2) ^ jft 4t ft # ^ 
0. 1-0. 2A/sec • 

ft 4* _L it ft & » £-tS£^r>#,f£,%1500~200 0A • 
* 4£ _t it ft & » 4* #^(e)#. a^ilf f ^- 

( R I E ) *4t^tt**t«**J#«|ttd*^^|t^iBj|jt4f* 
I* • 

a * Ji it ft a ' *t##(f)A«a*-«*j*i»ttjR, 

4b ^ 4 ^- ft. o 

ft * -t it « m ' * * a g. 4k m >k ^ 4k n i^^^n 

«t(HF) • 
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7 m : 



* m * a 



m % - ®(a)~( C ) > *^***i^^*^«t^5r 

«fe«4LT«*H^**B • if * ' H-Aia** « * ^ £. 
4&21 . ^&£*Ji3rate*rti#*L4BS&4* (Low Pressure 
Chemical Vapor Depos i t i on, ' LPC VD ) # 3r ^ $ ^. £ 
3000A ^ ft 4b >^22 • 

(landing) ^ m & M • ^ & W £ *f ft. lb 2 2 ^ ^ & 
21£jifci&a£-/i it^tiitiTf ^ ■ * « A A * -f * 
*J (Reactive Ion Etching R I E ) i T t $*23 U ft 4 4l • 
ft # Bfl « ^ B(a)~(d) ■ *^itl^^r^^^#f 

#j & mtzMft yfiim m • # t « ^23 n ^ * * & ■ ■& *. 

$ =- B ( a ) m >fc g 4@ ^ & m -L 3r a f & j# ^ * ft, *a >x 
3* (Plasma Enhanced Chemical Vapor Deposition, 
PECVD ) 3r*#*--j|Mb#*31A£*il.5~20in • £ & 
# Sfe Ji * PJL32 it * * - it ^ UiiUMtfe^lif ■ *o $ 
=. B (b) m ^ o ^ fMit # Jlf £ 41 # ^ & PJ _32 a -fe 

A ¥} lj A -k W it # ^ *$ o ^jfcj^-fea^^r^^^r^^T 
38 & ifc I&3 2 i§ ^ a fl& £ • & I&32 # & ^ ^ <fr % f & ffi. 
tf] ' m ^ 4f & f& 9 0 ° C J-XT^ic^ 170-80 ° 
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# & 19.3 2 *f i§ * 3fc A H. > tt * 19.32 ^ 4 « Jtf « * 

*'J « & A <S£ -T- £k #J 60 2r * . « |t 4b * ft 3 1 ik m A it « eg 
#33 . * t tfc 4 it 48 03 #33 

^ ' # * * 19.32 . * % s. n (c) 

^ 7F « * * ' &ft****j4L**j|iefcjfrJt i -fb^ft3lAft 1 
it# A22*t * * 4f > JX«&lNF**4*&ft*l!* 

A ' # a «. ft 4b # & *a ft « 60 * 3, ft & fa M il ft. 4b *?34 ft 
A 1 . 75 ^ m ' */b#m«A«r<*#feft***-L* ■ 4*31 
H ( d ) *f 7F ' *P 5t £ & m te35 4l jft ft • 

£***±*^±###4teft4b**L;teft;|*:S.teft 
^7 ft. lb ^ ■ *#*#***»±ll<±»#j|44iB# - > £ 
- & & T 4& & & £ # ^e. 60 ft M ti ' ft ft ts A A H'j it ife 
**#±ft##^L^* . Mr m M * W » * « « * * m ^ & 
ft 4* *t : 3 - *'] *: # ft « *fc > & ^ * * ^35 4: * * *» ± «t 

it #• ' fa & #t ^35 x m fa m. & ep * *r ft € # ^ # & &21 

m it # ' ^TRFjLJiTtftftd&lS. • #r a it # ^ ft % ,f± 60 

tti* fcfli^^* jfc#*itit##tt . * jft « ^ -sr a 

* w ffl(a)~(d) * ' 

*#±!tiL#3ft*£Jll • & in $ © ffl ( a ) rtf 7F ' m % =. it 

**t*ai*#i*w^{ifeitim > m m & & m & ® 

& - T *P T ' 4o J5J it - *t ' $ T J 1 ^ jL & 19.4 1 60 i§ & 

* # « ^ m *iift-of f u m so m m » itb^^^^^^^t^ 

^90 1 C -10 ^ 4t a ft o ^ ^ . * T ^ ^ ^ PJL41 ^ li ^ 
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s. ' &wnw (16) 

3r * * 1 5 ^Af^ifeW^lltjfeiaii^.tjjiiib^DiA' 

# j* A * # ft £ % s&ft . * t 6 M ^ (ft # *p »r # *J 

M ft. 4? ft ft & » *4t«i^w*ia#«"^r^A^«^.4| 

& * o 

* A *150A ft & # ft ft . # & 4| - ^ £ 43 ^ ^isoOA ft 
% * ft ^ £ * 4t « A * * 4l * ft 4 ft . # *» * w ffl (c) m 
^ #U ffl lift-off . ***|±lirjftA.h«*(H»*/| 
43)^K«t AA« ° Lift-off * & ft . ^ ^ « * -f <& 
« ' « ft 4 43 # A « * ' 4fc*U*#t£&<fbJ?ft31 ' « 5t ft 

& & * ^ i & ' *»^E9ffl(d)/9f7F • 

* ft ' *lffl**tA7ifttft*^tft^ , ft ft - it 
ft************, (release) ft * « ft & >f . 
#*tt4ft*£j|tft4&*.*l»- ; * * * t ■ It ft t» * m 

° It ^ ^ I t H t i j| ^ f | i i||f # , 

^a^,ft*[ffiftftft***.it# ' * 4 

**#ir##ftft«4L«r » * H « ^ # ^MUMPs 
(Mul ti-User MEMS Processes) t^rf ffl 

3i 2r - *^Aftft#*r^^ft*P**jj|«H± . Hf « -fe 
ifr 60 ft m % 4 4° ft 4 4 60 it # ii& ^ ^ a % ft o ^MUMPs 
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It & * 

& ' te- 
^k 



i > S-IUtt'!'! (17) 

ft * + » *##*4Ltttt**-itH******« 
lift-off ^ ^ f| t i. * • *+*tt/a*#**fc** ' ^ * 

+ 1.5 iL2 ^ttH#l»4«ffAx^ . ftf 4»i6^^« 
* * + * * ' * ft # * £ a «t f . «»a^^^j»* 

^mumps # ft * t • a n ^ « # s-j - ^ j* oat tt 

& # #J ft 3*1 + ' ^#i.«jL/^^4t^^>|Bp^ 

*h • 4L*m*n.*jL%&wm . ^ *h , ^ ^ ^ ^ ^ ^ w 

( * m # A ft ) * 4# 4* # #J 4L fl • ffij ft «L ^ * A _t i&MUMPs 
ft a # flfc >£: m ' ^^L^*iJ-#4L^Egffl(d)^J»#^£^ 

>* £49% tlit^tt ' W 41 it % 31 #| & . * £fe £.j b$ ffl 

* • ^^l*t ' & m 3l & ¥j K -t Mb %25 fi m « 1 0 0 # 
m ' ft 4t >f * £ 1 . 5 # m > * 4k *j i$ ft * * 8 ^ + It A # ' 

' # 1 A* t f ?X t i ^"30 ^ 
It a -L ' **-»*#±ltT^r^.AILit## • ^ ft # $ & 

& * * ^ . *a#**tb!fc£j; t A120 ° c ** ii t - ^ bp 

£A*«7b#4Lj**»#*ft* > ife # *j % i n (a) ^ # 
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m 

it 
t 

M 



3. 



&WiSLW (18) 

n $~ ® % i ® (b) . **«**n^^r*^«t-&5r* 

&3 5 * & 4b #34 m A #i & m #. . ^-^42>S.^^43^t 

* _L it 2r ^ -r ' *.*/^4ttfi^**»i*«|60Jit^ 

* • #«H^b^*^#*t60<wA<g^^4ft4t4f , jfc ;fe # 

* *» * * tt # *,70~90 A) * * 8^ W(2~5 * "* ) 

^**fri»Affl-h»**fl V *> |t a # i£ #| *,i 20 «. 

* * 5£ * it *(0. 1-0. 2A/sec) • flL4*<fc**Jfe-jfe*,*l* 

* <&5~8 ^ * *P ® A IL S£ ^ ^ £fe ffij #at ^ ft ft- ^ . 5f 

4l *t # at # . . * « - 

* * it tt # m • 

^ t # * i i i t I ^ A i ^ g ^ ^ f t t ^ ' 

* * A Nt t tf * *>j & a f% * ft « ^- - 
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m * its jp. «, 



*-B(a):*4**if4**.JL#,B; 
»-B(b)-(c): 

# — B ( a ) - ( c ) : * & U ft # * ^ 4ft 4£ % 4l T « 4& $L # jft 
B ; 

*^B(a)-(d):^*tL^^*4L*tftir*«4LJlif#fe|l^fl[L 
^ HI ; 

# w ■) ( a ) ~ ( d ) : **&4fc^*4L*tte5r**J^**±H*4t 
& B ; 

# i a ( a ) : * * u ft * & 4l «t ik it w u ft «. it m * m 

to fa B ; a A 

# i B ( b ) : **jR##*^4ftfc**«ft#^#-*4»« 
4& B 0 



m 7F ft %iiSLW 

& & m - 21 4* 4* te2 * 35 

^ # 3 & m m * 4 

IHb ^ 2 2 T € * 2 3 

4Mb # #31 & PJ-32 > 41 

C3#33 fi4b^34 

# 42 4b #43" • 




l - -**#*#4*ttft#;5r* • & 4* T *J ^ J$ : 

(a) $k # - £ 4k , Jta**jL4fc##j&-ft-ja*;»A- 
#L 4b ^ >f ; 

^ - II f >| £ t i ^ i. > ^^*J^^^*t^O!J#; 

( d ) i|[ |t 4b ^ ># _L ^ /fc - ft ^ & j& 4 , & t ft *& 

it # & 4ft ; 

(e) ^ t* « « * jf _t ^ a it! «. it M * * 4* 4ft K J« > # 

* + tt**«*#H*4ftttJ* # ^ ai&*tt#.*t4Bfc ft * ft 
fe; 

(O.Wte^tt&fttfifcftjfrftisafc^^g^jajfcji^^. 

(g) * m % >fb ^ * ^ & , ^ ^ « * tt * * * m 41^^ 

# *c 4SJ & * & ft M. $L o 

2. *»■ * If * *J IE BO ft 1 * m & 4l ft ft * * > ^tMfe^T^ 

- m * & & • 

3. *o 1 * * *j ft in ft 2 m ^ ^ ft ft * & . ^ttiatife 
»r 4 — ^ ^ & - 

4. *»t^**H&fflftl^^fifc4Lft^^r* . * t tfc ft - « * 
^ * 1 1 i; I ^ ^ f ^ « 
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7. 

JSL 

8. 

% 

9. 

10 

1 1 

*»J 
#J 
12 

13 

Ml 

14. 



15 



4k a ft A 4b * a 48 % ft » ( LPCVD ) Hf ^ jfc o 

# & ^2500~3000A • 

# £| ^ ( R I E ) m St & • 

w t t i ^, f a ^ a t *(pecvd) m ^ # . 

A *l *1. 5-2um • 

# *» t tf * *>J || BQ ^ 1 ^ #f £jc 4L ft ft * yk . £ t # J*(b) ^ 
**4fr#*#*.70~90 & - 2-5 * o 

. *»t*#*H£BI#14l/itit;iLft^^r* . * t jfr J* ( c ) 4fc 

t£ ft 4b & % jsl m % - m m. M - 

# * i7 fL 4b ^ ft & & o 

4* « 4& ^ 4b # 4a >ft i» LPCVD) #t ^ & - 
. *» t tf # #J H ffl % 1 /9f it ^ ft 4fc $fc 
& T ?'J # «H : 

(e2)^lt-^t^^l^^^^_L . 



£• t # J*(e) it 
IS ^ _L ; a A 

el) 
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*l %: & ft MbO. 1-0.2 A/ sec • 

16. *»t1t#*||£H*l*/tf3fc:^*#3-jfc . & + m$t, g % *y 

17. ISB^IS*/***.**^* . * f tfc * 4 J9- 
A ^150-200A - 

18. *»'t * # « ft B *14 * ifc ^ * # * * , ^ t #(el ) 
& *4* # *0. 1-0. 2A/sec • 

19. *»t*#*|JfcB*l4imit^.jtt^^r* . ^ tiff i|T 
^ — 4 • 

& & 1 500 - 2000A • 

21. *»t*#*H£B*l^nt3fe4LH^^r* . £ t * ( f ) ft 

* — m m. % & ° 

22. *n t ft # *J ft IS % 1 j* Af it ^ U ft * * ' £• t # #(g> # 

Atk m & m m ft ^ *>? % -k % • 

23. t n * *'J ft B « 22 * ^ * # 2r ^ . * t a ^ « *l 

2 4. -*&4ff#*ft6(r£#;5r* . & ^ -f ^ . 

( a ) 4£ 4£ - & fc. . ^^*-t^^^^-^-<a*jt4^L- 
ft 4b ^ 4 ; 

( c ) ^ f£ & M. & m & & H ^ ^ #j ^ $ ^ & M ej # ; 
( d ) *M* ft 4b % _L ^ & - % jg nt £ , t « % — « 
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*4&*fttt4L*ffii!g4t ' ii a* tt *. $k to hj « ft *p ,& 

& # ; 

(e) * « « j=. m & * _t ^ a ^ & ^ £ # ^ ^ ^ ^ , # 

*ttt*it«**HiF^ttift^^*j ft, ^ 4| & 4| £ ^ # ^ 
Bfc ; a A 

(g) W « a 4b ^ >f fifc . &4Ftt4l£ttt*;i* 
& *t « & ;f# & i. o 

25. 4a t n # #* ft ® £ 24 ^ #r it 4l |i # 3r ^ . & + tt 

>^ — #S |& ^S. ° 

26. *»t***lftai#254i/lt3t4L*L^^* • t tt J 

27. *> t If * *j ft Q $ 24 * At & 4l ft ft 2r > * t tt * - Jft 
># # * H 4b m % fa • 

28. ^ t tt * *j ft n # 24 * m it ^ u ft ^ & ■ 

* 4 ft « £ 4b # ^ 4a ^ # *(LPCVD) m & fa « 

29. 4* t ft * *'J $E ® % 24 5 *f it 4l ft # ^ * • & t % - m 
Mt>#,£&&2500~3000A • 

30. t tt # m ft n * 24 m m m. ^ ft ft * & . ^t^t 

3 1 . t ft * *i ft n « 24 * m & ft # * & . * + « mt # 

*ft««**l*Mb**.4i:5Lif* *(PECVD) m V fa • 
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32. *»t»**|jftBI#24«m5t4LJtt^** • * * tt H 4b 
4f ^ A W 5~2um • 

33. *> t tf * *| ft ffi #24 * Hf i£ < m # * * • * t ^ J»(b) & 

' « t * 4 tK t 1^8 C3 « 6d • 

34. *»t***ll£lll»33*mift4Lj(l^^r* , £. t * *# 4* # 
^^^70-90^ - 2 ~ 5 * b£ . 

35. *lftBI* 24 *jtfifc4L*#;8r* > * + c ) 

m % - $& & ># s. m & & % jt . a^^t^^tt/Ocij^t 

36. * f n % W & ® %35 m ft & ^ M ft * & m & M m * 
« ftl *(RIE) «*ltt*,4b4^*iltt£--ii6*Jf - 

37. *o t it # *j ft n ^24 m m & u ft * * > * t « 
4 # * i& -a # & ^ ^ m % & • 

38. *»t**«ftB#24«/9f3t4LH'flE^r* . * t tt 
* ># # « ^ & 4b ^ a 4@ »t ft 8KLPCVD) m & A • 

39. *»1»lt#«ftH»24«/lt3t4Lj|l^^r*". & t # 
& ^ T # S# : 

( e i ) ai « - ifc * 4f ^ tt * *t « * «m * ji ; « a 

Ce2) & & - t£ « ,# ^ ^ # ^ £ _L o 

40. *> t ft ft«#39^|/ltift4LjR^"^r* > * t # 
^ & It tit # 4r0. 1-0. 2A/sec • 

41. *»tlt*#JftB*24^i/*f5t4L*L^^r* • * t tt ifc * 



■(e) 



(el ) 
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4 2 . *> t *t # *>j ft gj 
5. & 1 50-200A - 

43. 4* t ft * *'J 3£ B £39 * #t i€ ft 4* ^ » > & * # m(e2) 
^ & 41 * # 1-0. 2A /sec - 

44. *> t tf * *| ft n £ 24 * Hf it ^ ft ^ * & ■ Itifti 

45. *> t tf * *j ft s £ 44 * m & ft ft # ^ , ^tt^|| 
£. & 1500-2000A • 

46. *»**#*l|£n*24*/!fife:tm#;5r* . & * # Jf$(f ) # 
£ - 4ft * 4 * ft o 

47. t tf * *<j ft m %24 m m ul ft ft * & . * t * *( g ) % 
u a. & 4k m & m m #t it % -k % . 

48. *. t ft * *i i£ n ^ 47 & m it ^ ft # ^- ^ . * t a * « *j 

4 9. - #ifc*»j»*^ft^^* « & ^ T ?>J # m : 
& 4b M ; 

* ># ft ^ ft t£ « & « ej ^ , jfc^ttfci^istfrt^j&fcit'tt 
& *t & m te- ; 

(d) n % ~ m & % Jl & & & il & m & * J* 4» K « • # 
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* t n « At « * 4* * # ft « % & »i & 

(f)*t*JHb#**|fr . tfL#tt#it«**|lir#ftj*rt 
^tHI^M # 1. SB. • 

so. *» t tf * *j $& n ^49 * m idL 4l ft # * * • ^ t^ife^r 

^ — Jg JUL & ;fe « 

51. *»t***lftI|»50«/9f3t4L*^^* » * t t* « * * 

4s. & - ^ 4t & - 

52. *»t***|jRB#49«/lt3t^j|l^^r* • * t tt # - <R 
>f # * *L <fb ^ #f ^ j& c 

53. *»*tt*#*|£BJM9*/lf3fc:S.ft#38rifc . * t tt # - Jft 
4 # a * 4b * «L ^ >ft 4» ^(LPCVD) #r ^ /& - 

54. t ft * *| |E ® % 49 * rtf & ft # ^ ■ # * t* $ - «, 
Mt ># # A ^2500~3000A • 

55. in f ft * *'J J& IB £ 49 31 m i£ ft # * &r > * t tft « ft # 
^ ^ ^ ^ ^ I'J ( R I E ) #r £ - 

56. ^ t ft * #4 £ ® £49 * #r * 4l ft # 3- ^ . & t f£ #Wb 
*Att***aMb**, 4a- « ft ^(PECVD) m & & • 

57. in t ft * #4 ft SI ^49 ^^i&^ft^^r* - * + tt *Ub # 
># Jf- A *> 5~2um - 

58. in t ft * *'J IS BO $4 9 4 m it ^ ft # * & » * t # «l(b) ft 

& ^ t n # 
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s > 



-3L f£ ^ ^ ^ 



(bl ) *M* ft *b ^ * Ji £ * Att«ib«if!94t^ ft *fc ; 

(b2)^«ft-fb^^Ji^jfttt^it'fBB7^t o 
ft & * - * * : Sfe^-*ia.^ttft^b^*-Lit#tt*ia^« 

61. t * # *>j & ® £58 m m * ^ * # 2r ^ . # * J»(b2) 
& & * - jfr X : «*Jttft*b#*At*£--| B # 
Jt ' & & t& %L$k fa HI ft - 

# *j a & a * * & m & ( r i e ) ik n m ft it % & t% % - « 

^ o 

63. *»t***l|£B*49«/»f3t4L3tt^^* . * t * * — * 
t I #. A H ft 4t ^ #r /fc « 

64. *o t « * *'J ft B #49 ^ & ^ jft ft 2r ^ ■ * t tt * — « 

# ># # J-X >fg. a 4b * ft ^ n ^r(LPCVD) flf ^ & • 

65. *u t If # *>J ft ffl £49 m fir & ^ ft -ft • * + SfKd) it 
eL ^ T # ^ : 

( d 1 ) & 41 - *6 $ ■ * ^ t* * it 4® * m M # K J* _L ; « A 

66. t If * #tf ft m £65 * df ifc ^ & ft 3- * , £. * JW(dl) 
*.fc*f*#*0.1~0.2A /sec • 

67. *» f** *'J ft HI £49 * m *L *L U ft * ik > ^ tHlil 
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68. *ttt#«l£B* 67 > * * tt * 4 * 

& A150-200A - 

6 9. *» t It # *l J& « *B5 * Atf 3fc :t * * . ^t^^(d2) 

^ & 4t * # 40. 1-0. 2A /sec - 

70. 49 */1fifc4LJtt#3Fffc . ^ ttlfA 

71. *»t*##Jft«*70*/tf3fc:*L*l#;jr* , * t tt 4 # 
A &1500-2000A • 

72. * $ n % W & ® %49 m m & $L ft * & . * t W(e) 4k 

$ — « ML 4 * & o 

73. *> t If 4. fij & B £49 ^ #r it ^ jR # * &- • * t ^ J»(f ) # 
a S ^ «k £| * ^ f£ |t 4b ^ 4 * Bfr • 

74. in t « 4- m & in * 73 * ^ it ^ u ft * & ■ * t a * <& 

&r *J #| * ifc * A It St(HF) o 




* 35 JC 




£37 i 



13 ^ 





35 



[70 



(c) 




ill ^ 
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(b) 
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